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FOREWORD

The work reported herein was accomplished as part of the Electromagnetic
Performance of Air and Ship Systems Project at the Naval Surface Weapons
Center, Dahlgren Laboratory. The task was performed in the Systems

Development Branch, Electromagnetic Systems Division, Advanced Systems

Department.
A special ackncwledgement is made to Mr. E. R. Whalen for his

guidance in the design of this system and for his leadership in the
establishment of a ground-based laboratory for software development.

This report was reviewed and approved by:

L. M. Woodward, Head, Systems Development Branch, Electromagnstic
Systems Division

R. L. Schmidt, Head, Electromagnetic Systems Division

Released by:

M\/\'g

MILLS, JR., Héad
anced Systems Department
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ABSTRACT

A digital system developed to support the Electromagnetic Performance of
Air and Ship Systems (EMPASS) Project at NSWC/DL is reported. The air-
borne system consists of RF receivers and antennas with special relays and
interface units which allow a UNIVAC 1830A computer to interrogate and
control them. Aircraft position, RF signal, and system status measurements
are recorded digitally on magnetic tape while operator displays are provided
for some immediate data analysis and system monitoring. The software for
this data acqnisition system was designed and devsloped at NSWC/DL and is
currently being used on test and measurement missions of the EMPASS

aircraft,
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INTRODUCTION

The Naval Surface Weapons Center, Dahlgren Laboratory (NSWC/DL), in
its Electromagnetic Performance of Air and Ship Systems (EMPASS) Project,

i . has developed an airborne measurement systemn to evaluate the electromagnetic
1 performance of the Navy's airborne, shipboard, and ground-based systens

i in their operating environment. A UNIVAC 1830A computer interrogates and

! controls RF receivers and antennas through special interface units to digitally

record aircraft position, RF signal, and system status information (Figure 1).
The CDC 6700 computer system is utilized for analyzing the recorded data
and producing graphical test results.
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Figure 1. EMPASS Block Diagram

This report describes the software developed for the airborne data
acquisition function, including the design goals for the recording of raw
data on a pulse-to-pulse basis; the on-line displays provided for aperator




control, system monitoring, and data analysis: and the provisions for data
simulation. A section on software structure describes how these design goals
are implemented in the initial system. Graphical radiation patterns and a
sample statisticul summary of pulse information are presented as examples of
test rusults.

DESIGN GOALS

The program, EASY 100, was designed for general puspose data acquisition
(Figure 2). The design criteria were to store digital RF signal pulse para-
meters on magnetic tape compactly, to provide real-time analysis for operator
use, and ta be as reliable or fail-safe as possible in this data acquisition
mission.

DATA RECORDED

To allow versatility in EMPASS test capability, digital RF signal data is
recorded on a pulse-to-pulse basis, providing actual pulse streams for later
analysis (Figure 3). The slow magnetic tape units impose a maximum data
rate of 1 KHz on the system, but special provisions are made for cases where
all pulses cannot be recarded during a sample interval. The operator selects
the sample interval, and may choose a fixed sample size of 256 pulses or
allow the sample size to be a function of the data rate and sample interval. In
the latter case, data exceeding the maximum rate is recorded by segmenting
the sample interval and recording pulses in bursts, so that short pulse
streams are obtained throughout the selected interval and gaps are reduced
(Figure 4).

Aircraft navigation parameters and system status information are recorded
with each sample of signal data (Figures 5 and 6). Rather than recording
the different data types as separate short records or buffering larger
amounts of each data type, all inputs are allowed to flow direcily into the
large output buffer. This automatically achieves a chronological ordering,
reduces processor time required for data handling. and achieves efficiency
in tape start/stop operations. Further, in the event of tape error causing
only a portion of the tape to be recovered, the data accessible will be
meaningiful .

Space in a 4096-word output buffer is allocated dynamically as an input
area. The space is identified by data type, sample size, and current time,
and it is linked to space allocated previously for the same data type
(Figure 7). The input operation is then initiated and the processor freed,
possibly to handle other requests for space. When there is not enough

2
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Figure 3. Pulse Parameters

FOR SAMPLE INTERVAL =

Input Rate (KHZ) 1 2 3
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Figure 4. Data Rates
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buffer space remaining to honor a request, the output operation is initiated
and the alternate buffer used for allocating input space. In this way it is
possible to have as many as four input operations and an output operation
occurring simultaneously while the computer is free to perfiorm the on-line
processing needed for the operator.

DATA DISPLAYED

The Easy 100 system displays information to ths operator through two
media--the ASA 70 16-in.-diameter multipurpose display and the ARO,
an auxiliary readout unit containing a 20 X 20 character display. The
general display on the ASA 70, used for total system monitoring, is up-
dated every second. The date, time, and lapsed time are presented
along with all the information from the interface to the LTN-51 inertial
navigation system. Items showing the status of receivers, antennas, and
relay systems are given and flashed if there is a disagreement with the
operator selection. Up to 40 characters from the operator's keyboard
may also be displayed to allow comments to be fermatted before recording,
and program detected error conditions are made apparent. In addition to
this system monitoring information, the general display contains a rec-
tangular plot for each receiver position. Uy to 180 points of signal ampli-
tude data are displayed for each receiver, in volts (0-5) or computer
calibrated in 10-dBm steps. The abscissa is normall, in seconds and is
updated every other second. After the display is filled, it may wrap
around or shift points as the operator chooses.

The operator may change the two 1eceiver plots independently to selec!
power versus azimuth argle, distance, elevation anglz or frequency.
These plots are always updated, even if not displayed. When a new even!
is started for a receiver, the plot area for that receiver is cleared, but
when an event is ended the data remains on display until another event
begins using that receiver. The operator has many options for data
displayed. Amplitude displayed may be either the average, the maximum,
or the first in a data sample. Azimuth angle (direction from the emitter
to receiver} may be calculated from either a TACAN bearing or track
angle of the aircraft. Amplitude at a certain ang'e mmay be either the
last one received at that angle or the maximum value received at that
angle. The latter option is useful in finding main beams, peak power,
or excluding noise.

In addition to the general display with the optiona: receiver data plots,
the operator may choose a special display conta.ning a large poiar plot
of either receiver data. This may be used to display a radiation pattern
as the aircraft flies around a fixed source.
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The ARO displays the date, time, navigation, and receiver parameters
normally seen on the ASA 70 monitor display, but the operator may select
an event history, an error history, frequency control data files, or an
on-line monitor capability used in conjunction with the ASA 70 keyboard.
These displays provide the operator with additiocnal sysiem information and
a means of monitoring the system in the event of ASA 70 display failure.

DATA SIMULATION

The EASY 100 system was designed and developed to include a data
simulation for each of its inputs. This allowed for program development
before some hardware became available, it allows for tests to be "pre-flown"
without the expense of operating the aircraft, and it provides some backup
operation in the event that a device develops problems during a test,

At program initiation, the operator establishes a system configuration or
a device availability table (Figure 8) which indicates the manner in which
each input and each output is to be handled. System inputs include navi-
gation data, receiver position 1 data, receiver position 2 data, system status
data, and operator inputs. Each data input may be from the proper inter-
face unit, from an 1840 magnetic tape unit, from a 1540 magnetic tape unit,
or from core memory, while operator inputs may be from ASA 70 control
panel, from an SST keyboard, from a standard teletype keyboard, or from a
core memory table of "canned" start-up information,

23 27126 on_ppne 2423 prspray 21120 rontrot, 1817 app 15
MONITOR QUTPUT OUTPUT OUTPYT
0 = NOMONITOR | 0 = ASA 70 INTF | 0 = CS INTF 0 = 1840 MT
1 = TEKTHONTX 1 1 | = BYPASS GUTPUT
2 = TTY 1532 20 BYPASS OUT- |  25= BYPASS OUT- 2 = 1540 M3
i . B3 oo 3 pUT 3 = BYPASS OUTPUT
14 opprator Iveut 2|11 sTatus mneur 2| 8 mecz wweur | S meci ineuT 31 2 nav InruT ol
0 = ASA 70 INTF 0 = CS INTF 0 = REC LATA 0 = REC DATA INTF | 0 = INS INTE
1 = SST 1 TNTE 1 = 1840 MTU2 1 = 1840 MTUL
2 = TIY 1532 29= FAKE INPUT | 1 = 1840 MTU2 2 = 1540 MTU4 2 = 1540 MTU3
3 = FAKE INPUT ) 2 = 1540 MTUS 3 = FAKE INPUT 3 = FAKE INPUT
3 = FAKE INPUT

Figure 8. Device Availability Table

System outputs include raw data storage, control information, a general
purpose opsrator display, an auxiliary operator display, and an on-line
monitor for system evaluation and testing. The data storage may be to an
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1840 magnetic tape unit, to a 1540 magnetic tape unit, 'or it may be bypassed.
Other outputs are to the proper interface units or bypassed. The on-line
monitor uses a teletype or a TEKTRONIX dlsplay/keyboard unit for its
operation. )

Off-line piograms are available to produce the tapes of simulated data when
given flight plans and data specifications. Programs are being developed to
retrieve data from completed tests for later use in the simulation mode.

SOFTWARE STRUCTURE

The EMPASS acquisition system known as EASY 100 is essentially a
time-sharing system of priority-ordered tasks with a controlling executive
routine. These tasks may be classified as data input tasks, control tasks,
or processing tasks. The input and control tasks initiate data input or issue
control output messages and relinquish control, after setting the time they
wish to be called again. Program interrupt occurs at the completion of the
I/0 operation and automatically accesses an interrupt routine unique to the
I/0 channel to perform necessary bookkeeping functions before returning
control to the point of interrup:. Other processing tasks operate in a
segmented fashion s- control may be shared among the 10 tasks in the system
design. Seven of these tasks are implemented in the initial system.

Input of aircrait navigation data is considered to be the highest priority
task since other data is position relative. Control and input from the two
receiver positions and system status input tasks foliow in that order, while
the tasks of communicating with a human operator are performed on a lower
priority basis. Separated into an operator input task and two display update
tasks, these procedures allow operator controls over the data acquisition
hardware and software while providing on-line processing for immediate
data display.

Common to all tasks are two large I/0 buffers used for data input and out-
put and the procedures which initialize these buffers, allocate huffer space
dynamically to requesting input tasks, link data samples of the same type
within a buffer, and write a full buffer to magnetic tape while the alternate
buffer is used for input.

EXECUTIVE

The executive routine (Figure 9) performs the required initialization and
start-up functions. During the start-up phase, it permits the operator to
establish:

1. System configuration (a device availability table which gives the
system some flexibility in the event of peripheral failure).
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|
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TASKS TO TER-

MINATE

Figure 9. Executive Routine
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2. Current date and time, which allows all data to be uniquely labeled.

3. A starting event number, which allows each test or measurement to
be uniquely labeled.

4. Which tape unit is ready to be used for recording data.

When stari-up is completed, the executive pclis a priority-ordered table
of task call times, comparing each call time with the computer's real-time
clock. When the clock exceeds the call time, the task is initiated. Each
task resets its call time before returning so that it may be called again on
the next poll, after some fixed time delay, or, if call time is set to a
maximum value, it will not be called again. The executive computes and
stores the amount of time that each task consumes as well as its own "idle"
time; i.e., the amount of time between the last task execution and the next
call time in the table. An on-line monitoring procedure can be used to make
these and other system values available to the operator.

When an operator request to halt the system has been processed by the
operator input task, the executive communicates the need for an orderly
termination to each task in the system. When all tasks have set their call
times to maximum value, indicating termination, the executive executes
the instructions that will stop the system in a state ready for restart at the
operator's signal.

NAVIGATION DATA INPUT

The navigation data input task (Figure 10) is the highest priority task
in the time-sharing system, but it is also the shortest task, both in running
time and in coding required. It consists of an input-initiate procedure,
NAVIN, and an input-complete interrupt procedure, ENSINT. If simulated
navigation data is being used, the magnetic tape interrupt procedure ESMTIP
performs the input-complete functions, and if no navigation data input is
available, there is no interrupt function.

The input-initiate procedure is called by the executive when the computer's
real-time clock exceeds the entry for the navigation task in the table of task
call times. It obtains space in the I/0 buffer linked into the navigation data
links, and consults the device availability table *» determine how navigation
data input is being handled.

If the unit which interfaces the inertial navigation system is available,
the procedure simply initiates an input from that device, resets its call time
according to the current operator-established navigation interval, and returns
control to the executive.

12
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t If simulated navigation data is being obtained from a magnetic tape unit,
the procedure waits for a flag to indicate that the tape is not busy, sets the
! flag to signal that the tape unit is busy reading navigation data, and then

0 addresses the proper tape unit with a read command before resstting call
time and returning.

i 1f navigation data is not available at all, the procedure calls a routine to
move a prestored sample of navigation data into the buffer space and clear
the input-in-progress flag. It then resets the call time and returns control

o

j

P

b as above.
L

When a data sample has been completely read in, the input-in-progress
flag on the item header in the 1/0 buffer must be cleared. This function is
performed by the interrupt procedure accessed when the input is completed.
If the input is from the navigation interface unit, the interrupt procedure
ENSINT is accessed to perfocrm this function. If the input is from a magnetic
tape unit, the interrupt procedure ESMTIP is accessed. This procedure uses
the system tape flag to determine what type of tape action has occurred and
what interrupt processing is needed. When it finds the flag set to indicate a
navigation data read, it clears the input-in-progress flag on the navigation
item. This procedure also checks the status from the proper tape unit,
signals the operator if a bad read has occurred, and rewinds the navigation
data tape when an end of file is encountered. When all registers have heen
v restored, it clears the system tape flag to indicate that the tape unit is no
E longer busy, and returns control to the point of interrupt.

Bl

g e

RECEIVER POSITION 1 (INPUT AND CONTROL)

The second highest priority task in the EASY 100 system involves receiver
position 1 . When the computer's real-time clock exceeds this call table
entry, the procedure RECI1IN is called to determine what processing is
needed at this position. For each receiver position, procedures are available
to allow input of signal data, control of the calibration system, contro! of
the spectrum analyzer, control of the receiver frequency, or control of the

antenna position . *

T W

o When the operator enters a requsst to start an event involving receiver
position 1, he may select any one of the controls available. This control
1 request is passed to the receiver task through the event control table
' .EVCON (Figure 11). For each of 100 possible receiver 1 events, this
table stores event start time, controls selacted, length of time the event
was in progress, and the number of signal data samples recorded, thus
providing a history of operation of the receiver position during a program
run.

E
4

* The last three control procedures are not implemented in the iritiai system.
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Figure 11. Table EVCON

Another table, ERECV (Figure 12), contains information about the event in
progress and is used for communication betwaeen the various procedures
operating within the task. On each initial call to this task (i.e., in response
to operator's input of start event) , this table is set to contain only the
current event number and a procedurc selection switch of zero, which
causes RECIIN to initiate a call on the procedure RDATA.

-
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: .
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LTEM
1 17 0 :
wd. 2 FRI VALUE 1HOM LAST R 2 DATA SAMPLE >
29 0 ]
. Wi, 3 CONTROL INFORMATION FOR RECETVER POSITION THO

Figure 12. Table ERECV




Receiver Data Input

The procedure RDATA is common to both receiver tasks. It is responsible
for entering data in the 1/0 buffer, linked into the proper receiver data
links. It determines which receiver position task has called it, obtains the
event number from the table ERECV, and accesses the proper entry in tha
table EVCON. Sensing the beginning of an event, it sets start time in the
EVCON entry and causes an event start label to be linked into the 170
buffer, storing all information available on the status of the system at the
time the event begins. It then tests the selected controls stored in the
EVCON entry to see what procedure should be called on the next call to this
task.

T T TR Ny AW e
I e st bttt o ©

If no controls are requested on a receiver event, the procedure selection
switch in the table ERECV will remain zero, and each call on this task will
result in a call on RDATA (Figure 13). This procedure will initiate input
of receiver data according to the device availability table and monitor the
number of data samples linked into the 1/0 buifers. Control is relinquished _
as soon as the input has been initiated and the next call time established. :

If data is input from the receiver data interface unit, the interrupt pro- %
cedure EDATAILINT is accessed when the input is complete. Under normal 3
data input operation, this procedure simply clears the input-in-progress ]
flag on the data item and issues a return to the point cf interrupt.

TR W O e T T R W R R T

If data is input from a magnetic tape unit, this function is performed by
the procedure ESMTIP which determines {rom the system tape flag that
] simulated receiver position 1 data has been read in from tape. This
i procedure also signals the operator if a bad read status is detected, and
rewinds the tape if an end of file is detected.

If data is simply moved from a prestored sample in core memory, no
interrupt routine is accessed.

The procedure RDATA also attempts tc determine the proper size for a
receiver data sample. On each call after the initial daxa input, if no controls
are in effect, it calls a routine to examine the last data sample stored and
estimate the number of pulses expected in the currznt operator-established
sampling interval. If the last data sample obtained indicates that the data
rate is too high to record ali pulses emitted in a sample interval, then a
: high data rate flag is set in the table ERECV and special processing is
3 : begun.
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When the RF signal data being recorded exceeds the maximum of 256 pulses
per sample interval, the interval is segmented to avoid coliection of all
rulses at the beginning of the interval. Sensing the high data rate flag set,
the procedure which initiates the data input raquests buffer space for the
full sample, but initiates input of only one-eighth of the pulsas desired. It
then sets the computer countdown clock to cause a program interrupt when
one-eighth of the sample interval has elapsed.

The input complete interrupt occurs when the 32 pulsaes have beca read in,
but the interrupt routine EDATAILINT does not clear the input-in-, rogress
flag until the eighth group is complete.

The countdown clock interrupt routine, ECDTIMER, is accessed when
one-eighth of the sample interval has elapsed. It initiates the input request
for the next group of pulses and sets the countdown clock for the next
interrupt. When the last segment of the sample interval has expired, the
clock interrupt routine disables the clock processing, terminating the
sample input.

If the data rate remains high, the next call on the receiver data input
task will begin ancther segmented sample and again start the countdown
clock processing. The time-between-samples value on the data being
recorded makes it possible to reconstruct the actual time of arrival of each
pulsc, identifying and measuring the data geps within the sample interval,

Calibration Control

When control of calibration is selected by the operator, the procedure
selection switch will be set to 1 after the event start label has been linked
into the I/0 buffer. This means the second call on the task will cause
RECI1IN to call the procedure RCAL (Figure 13) to calibrate the receiver :
selected, This procedure, common to both receiver tasks, will read in o
status information to obtain a power meter reading and the amount of
attenuation which the receiver operater has set for the maximum power
level. It then issues control messages to the calibration attenuator increasing .
attenuaticn in 5-dB steps. After each control message, it sets the procedure v,
salection switch to zero, resetis its call time to wait a full second before .
the next call on this task, ai:d returns. When the task is called again,
control passes to RDATA to obtain a sample of signal data at the prescribed
attenuation. Absolute power, passed through the table ERECV, is stored
in the 1/0 buffer with the signal data.

Calls on the receiver task, then, initiate alternate calls on the RCAL and
RDATA proceduras. RCAL examines each sample of receiver data to
determine the average amplitude in volts at each power level. It passes
this information to procedures which update the operator's display and also

¥
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uses it to determine when the attenuation is too great to receive a measur-
able signal. At this point or when the attenuation exceeds an upper limit
of 129 dB, the calibration is considered complete. The next call on the
task causes the RDATA procedure to store an event end label in the I/0
buffer and set the maximum call time so the task will be terminated.

RECEIVER POSITION 2 (INPUT AND CONTROL)

The third highest priority task in the EASY 100 system involves receiver
position 2. When the computer's real-time clock exceeds this call table entry,
the procedure RECZ2IN is called to determine what processing is needed at
this position. The procedures available for receiver position 1 are also
available to raeceiver position 2. Since the tasks are executed serially and
all storage items are separate for receiver 1 and receiver 2, the two positions
may be operated completely independently. All information presented above
for receiver position 1 also applies to receiver position 2.

Hardware is not yet available for operation of receiver position 2, but
data simulation from this position and fake input operations have both been
implemented, recording data in the receiver 2 links and producing on-line
displays for operator analysis,

SYSTEM STATUS INPUT

The fourth task in the EASY 100 system is the input of system status infor-
mation. This data maintains a record of all changes in system controls,
provides a vehicle for entering opcrator comments at any time, and allows
an on-line error detection capability.

The procedure SYSTEMSTAT is called by executive at intervals established
by the operator. This procedure obtains spacea in the 1/0 butfar linked into
status data links and consults the device availability table to determine how
this input is being handled. If the control and status interface unit is avail-
able, a utility procedure, STATUSIN, is called to initiate input of status
data from the entire system. If the interface unit is not available, a sample
of status information is moved from core into the buffer space.

A system flag set by the operator input task indicates when a keyboard
buffer contains an operator comment to be stored in the 1/0 buffer along
with system status data.

On-line error detection is provided by examining the system status
data and comparing it with the relay commands which have been issued.
Any discrepancies are called to the operator's attention by flashing items
on the status display provided.

18
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OPERATOR INPUT

Operator input can come from one of three sources--an ASA 70, an SST or
a telatype. The latter two merely simulate inputs in ASA 70 format. During
initialization, one selects the input medium. The chosen device is inter-
rogated constantly via a pending input with monitor. When an input occurs,
an interrupt routine, KINT, saves the input code and partially decodes it. If
this happens during initialization, the input is part of either the date, time,
event number or tape number. These values are accumulated and formatted
for the displays. Otherwise, the partially decoded input is stored to be
processed and executed at a later time by KIM, which calls the necessary
processing routine and checks for illegal codes. A new input is requested
immediately, even when the old une is still waiting to be processed. If
the SST is chosen, the inputs are used in combination to form all possible
ASA 70 inputs.

The ASA 70 (Figure 14) has been used as the primary input-cutput medium
for the computer operater. The ASA 70 consists of an 1830A computer inter-
face, a control tray, at least 100 labeled switches (48 of which are active),

a 16-in.-diameter multipurpose display, and a ball-type cursor. The inter-
face includes a test option for manually setting and sending up t¢ three words
to the control tray.

Possible inputs from the ASA 70 are switches, keyboard characters, and
cursnr changes. The program is controlled by the pressing of the switches.
"Matrix Select" switches choose a set of 12 interdependent options on the
"Multifunction" switches (Figure 15). "Monofunction" switches select a
special independent function (Figure 16) . The matrix and monofunction
switches have green and amber background illumination. They have been
programmed to light amber if and only if the associated function is selected.
A unique set of 12 legends automatically appears or the multifunction
switches with the depression of each matrix select switch, except for the last
one, which clears all switches. Through the use of the 12 matrix select and
12 multifunction switches, there is a choice of 132 functions. There are 24
monofunctions, not all of which light. The labels and functions of those
implemented are given below. In order to light the monofunction switch
lamps, oue sends the cur:ent status of either the upper 12 or lower 12 to the
control tray. Therefore, any combination can be lit at any one time. How-
ever, only 12 actually have amber lights.

The tracking control bsll assembly places the cursor (hook) symbol at any
location on the CRT. The trackball sends over a pair of changes in x and y
pusitions every 50 ms, whether or not there has been any change. Moreover,
the input consists of the absolute value of the change, plus a sign bit. The
program saves the trackball Ay in a special word if it senses a Ax.

The keyboard assembly is similar to a typewriter and consists of 44
alphabetical, numerical, and special character keys. These keys are

20
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! INDEX REF
i NO. NAME DESIG FUNGTION
R 1 OFP LINE/ANALOG A182 Permits the display of fnyr channels, CHAN 1 thru CHAN 4.
. switeh and CHAN 1 § 4 of vidrn ir the: ahsence of certain digital input
H signels, when used ir. conjunctiun with the mode selector switch.
; CHAN Provides scan convertud radar
| CHAN Provides low light level teiav:gsion (LLLTV)
Cl Spare 8can cunverter e
| | CHAN Provides function _gene: (elhipses)
| CHAN 1 g3 Permits suparie poted displiy of channels 1 § 4
: 2 CHAN 2 BRIGHTNESS AlR3 Adjusts brightness of displaved video, channel 2
control
3 CHAN 3 BRIGHTNESS A1R13 Adjusts brightness of displayed video. channe) 3
i control
H 4 VERT CENTERING ARIRS54 | Adjusts relauve vertical pasitioning of display on tube face
t
. 5 CHAN 4 BRIGHTNESS AlRS Adjusts brightncss of displayed video, chunnel 4
| . control
. [ VECTOR BRIGHTNESS | A1R22 Adjusts brightness of displayed vectors
control
! 7 Monofunction Enables opsrator to communicate with computsr. Bath single
switch indicstors and double Jamp switches sre usad. Single lamp switches are
always lighted green and cannot be lighted by the computer. The
i douple lamp swiiches are green and amber. Green s the
1 normal background and amber is the computer lighted response.
i 8 Matrix These 3& twu-position Bwitchi:s may be {lluminated green or amber
H switch indicators and have saveral lagends that may be projected on their surface.
H Tha digital data computer sends infurmation to the operator via
- thess legands, and tha nparator uses tha gwitch function to send
; . information to the computer .
E ] Matrix select Preserts information to computer when pressed by operator.
N switeh indicators Indicators are double Jamp pushbutton swlitches. one switch
r for sach PRO ir: the three matrices, A, B, and C. The green
13 lamp ia on at all times while the umber lamp comes nn only
i . when computer rasponds by lighting the corresponding PRO
in adjacent matrix .

Figure 14. ASA 70

21




REF
DESIG

NO. NAME FUNCTION
10 Keyboard Allows operator (n communicate with computer, keys
are A to Z, 0 10 9, REPEAT. SPACE, EOM,. Minus, Pius,
NEXT LINE, Pariod, BACK, and GANCEL.
1 Tracking ball control Provides signals which coirespond to position of manually positioned
ball. this information ig used by DPS and computer to select cursor
(hook) symbol and display it in location corresponding to position
of tracking hall.
12 Time totalizing mater M1 Indicates elapsed hours of operation
13 Lamp intensity Bnables operstur to adjust brightness of indicator switches end controls.
controls (2) One control adjusts matrix A. B. and C PRO switch-indicator brightness:
th~ othe: adjusts matrix salection swirch-indicator. monofunction switch-
indicator, and keyboard and malntenan.e panel brightness. Both controla
are located under left side of cantrol tray .
14 TEST indicator Al1DS3 Indicates MODE SELZGTOR switch is not ON LINE pesition
15 OVERFLOW indicator A1DS4 Indicates excossive inlormation for display tube
18 CHARACTER A1R18 Adjusts brightness of displayed characters
BRIGHTNESS control
17 CHAN 1 BRIGHTNESS AlR1] Adjusts brightnees of displayed video. channel 1
13 HORIZ CENTERING ARIRS54 | Adjusts relative horizontal positioning of display on tube face
control
19 MODE SELECTOR AlS1 Parmits d-aplay of video in absonca of certnin digital input signals when

switch

ured in conjunction with OFF LINE/ANALOG switch. Also controls
{lumination of TEST indicator.

ON LINE Parmits normal on line oparation
Display analog test pattern
MATRIX TEST Display matrix test patisin
GISTHA T Displays registration tost pa.tern
VECTOR TEST Displays vactor teat pattern
T Displaye type test pattarn
__FUNCTION OEN TEST Dispiays function generator test pattern
ANALOG Displays telcvision test patern

Figure 14. ASA 70 (Continued)
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EASY NAME CODES LAMPS
1 16
2 17
3 20
4 21
5 22 X
6 23 x
7 24 X
10 25 X
11 15 X
12 HALT/RESTART 3 X
13 CLOCKWISE 7
14 CROSSWISE 10
15 TAPE 2 READY 2
16 POINTWISE 6
17 TAPE 1 READY 1 X
20 TAPE 2 READY 5 b'4
21 END TAPE 12 X
22 HALT/RESTART 26 b4
23 CW DATA 13
24 HOOK 14
25 MAX 11
26 27 X
27 30 X
30 END TAPE 4
31 END TAPE 4

Figure 16. Monofunction Switches

used to construct messages for display, and to initiate and control tactical
situations. During the initialization procedure, EASY requests date, time,
and event numbers for identifying the run. These are converted, for-
matted, and displayed on the MPD and ARO as they are received. During
the test, keyboards are buffered and displayed in a line (of up to 40
characters) on the bottom of the MPD. Control characters have their
normal meaning, except LINEFEED which will clear and start a new line
with the next character. After a message has been composed, the EOM
key must be pressed in order to transfer the message buffer. (The keys
in this assembly are in series with the monofunction switches in the
control tray.) During the input of data for EMCON files, all the for-
matting is done automatically; i.e., the operator does not have to type
blanks and periods.
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Pressing a switch results in a call on the procedure KSWPROC which
determines the type of switch and illuminates the correct lamp. For a
monofunction switch, a flag is merely set. For a matrix select switch,
the matrix number is saved in order to interpret any multifunction
switches, which actuelly call the processing routines.

Receiver data collection is controlled by two matrices, one for each
receiver. After choosing either the receiver 1 or 2 matrix switch, all one
must do in order to start recording receiver data is to press "START".
This starts a new event which continues until "STOP" is pushed. If one
desires other data to be recorded along with or in place of receiver data,
one must push "CAL", "S/A", "DOA", "ANT", "IFM", or "POL" before
"START". A display of time versus power is given unless a different
option is selected by a "DISPLAY" matrix switch, These may be changed
at any time during data acquisition.

GENERAL DISPLAY PROCESSING

The displays are updated every second through the task table by EUPDATE
in four subtasks on a shared-timed basis. Date and time are always updated,
i.e., every 1/1sec. AUPDATE handles the information from the navigation
interface which goes at the top of the ASA 70 and on the ARO. AUREC
updates the normal time versus power rectilinear plots alternating between
the two receivers. It looks in the buffer for the last receiver item, cal-
culates the average (or maximum) amplitude and stores a point in the
display buffer. UPSTAT displays the system status and checks for con-
sistency. AUMISC updates miscellaneous information such as event number
and error messages.

The time dependent display information is updated by AUREC which
alternates between receivers on successive calls. First of all, it calls
ALASTREC which searches for the last receiver item in the buffer, moves
it, and averages the amplitudes. If no pulses are present, ALASTREC
returns with the flag AINT set to inhibit plotting. This routine also
averages crudely the frequency. PRI, and PW for digital display. 1t
would be helpful to sort and display them graphically here, but this would
imply a logarithmic plct or the operator setting a window.

The average amplitude is scaled down to display size (0-177 octal) and
offset for the receiver. If the buffer is full and a moving display is
desired, the set of puints is shifted to the left. This has the effect of
having the newest value always being added to the right. A mark appears
to indicate the elapsed event time. Neither of these operations are
straightforward since there is a discontinuity at zero.
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SPECIAL DISPLAYS

Special displays are all handled through one task in the executive task
table. They involve correlation of receiver and navigational parameters.

The most interesting display is an antenna pattern, which is a polar plot
of average (or maximum) received power versus azimuth angle, Optional
displays are rectangular plots of power versus azimuth angle, power
versus range, power versus elevation angle, and power versus frequency.

Figures 17, 18, and 19 show scme off-line hard-copy results for a typical
data tape produced by EASY 100. On-line displays are similar. Figure 20
is a picture from the general display. A polar antenna pattern from the
ASA 70 multipurpose display is illustrated in Figure 21.
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Figure 2V, Special Display (Polir)

31

A 1 e e e e

i S

prR—

o Wil L s s i o i




Can

T T T R T T e e

e ————_—

BIBLIOGRAPHY

Systems Development Branch, Advanced Systems Department,
"EMPASS!'EP-3A Digital System Planning," Naval Surface Weapons
Center/Dahlgren Lahoratory, Dahlgren, Virginia, 8 Novenber 1973,

Sperry Rand UNIVAC, BIG LOUKX Final Equipment Test Specification
for the ASA-70 Subsystem, PTM-216, 3t. Paul, Minnesota, 1 February
1§71,

Sperry Rand UNIVAC, BIG Luu K Final Equipmert Test Specification
for the HSP and Keyboard Subs+ stem, PTM-180, St. Paual, Minnosota,
1 July 1970,

Naval Air Systems Command, AN/ASA-70 Tactical Data Displa’ Group,
Maintenance Instructions Organizat‘vnal, Aircraft Model ?-3C,
Technical Manual NAVAIR 01-75PAC-"-5-8, Washington, . C.,

15 February 1871.

W. J. Paters, Memorandum FEA: WJP: kjh, dated 6 December 1673,

Subject: "Bquipment Status for the EMPAES Data Acquisition Syztem,"

W. J. Peters, Memorandum FEA: WJP; kjh, dated 10 October 1972,
Subject: "Data Interface; Preliminary Specification for,"

W. J. Peters, Memorandum rEA: WIP: kih, dated 8 November 1972,
Subject: "Computer Code Words for the Data Interface."

B. S. Palmer and A. J. Campbell, EMPASS EP-3A Injtial Software

Design, Naval Surface Weapons Ce.ter/Dahlgren Laboratory
Technical Note TN-F-160/74, Dahlgran, Virginia (to be published) .

32




e

g

TP Y

e =R o U W FRTTII T
1

v e n——

§ RS e e S RS Y. St ma verema AR LS s S mmm

DISTRIBUTION

Chief of Naval Operations
Department of the Navy
Washington D. C. 22350
ATTN: OP-35

OP-982E5

OP-724D

OP-932

Chief of Naval Material
Department of the Navy
Washington, D. C. 20360

ATTN: PM-7-21 (2)
PM-7-Temp
Commander

Naval Air Systems Command

Washington, D. C. 20360

ATTN: AIR-53364D
AIR-5105A2
AIR-533F46

Commandear

Operational Test and Evaluation Force
Naval Base

Norfolk, Virginia 23511

Commander

Fleet Electronic Warfare Support Group
Naval Air Station

Norfolk, Virginia 23511

Center for Naval Analysis
Systems Evaluation Group
1401 Wilson Boulevard

Arlington, Virginia 22209

Defense Documentation Center

Cameron Station
Alexandria, Virginia 22314 (2)

33

Ay At iy L L Ak o e A

bv

bbb kit

g

o I e S




DISTRIBUTION (Coatinued)

(20)

(2)
(5)



UNCLASSTFIED

i,ﬂ SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

6. PERFORMING ORG, REPORT NUMBER

. I ~ READ INSTRUCTIONS
; REPORT DOCUMENTATION PAGE pEriEAD NSTRUCTIONS
; 1. REPORT NUMBER 2. GOVT ACCESSION NQ.J 3. RECIPIENT'S CATALOG NUMBER
} TR-3212
4. TiITLE (and Subtitle) S. TYPE OF REPQORT & PERIOD COVERED
‘ INITIAL SOFTWARE FOR EMPASS EP-3A DIGITAL
{ SYSTEM
J

|
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
Alige J. Canpbell
Bennett S. Falmer

i
i
|
F

=« e s Mt < e

T ————

{

9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT, PROJECT, TASK i

. AREA & WORK UNIT NUMBERS i

; Naval Surface Weapons Center 3

| : Dahlgren Laboratory i
: Dahlgren, Virginia 22448 oy
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE ’i

January 1975 :

13. NUMBER OF PAGES

8. SECURITY CLASS. (of this report)
UNCLASSTFIED

Sa. DECé. ASSIEFICATION/ DOWNGRADING

.
i
I
}
l T4 MONITORING AGENCY NAME & ADDRESS(i/ diflerent from Controlling Office)
!
]
!
i SCHEDUL

RV S N ]

- 16. DISTRIBUTION STATEMENT (of this Report) 0

—mwE e

Distribution limited to U. S. Gov't agencies cnly; Test and Fvaluation
" (1-75). Other requests for this document must be referred to the 0OIC
: 1 and Asst. Commander, Naval Surface Weapons Center/Dahlgren Labeoratory,
{ Dahlgren, Virginia 22448.

t7. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, i di{ferent from Report)

1
]
]
i
'
'
'
]
!
'
1

18. SUPPLEMENTARY NOTES

D TSI T

'

I
3 N

A

1
119, KEY WORDS {Continue on reverss alde il necossary and identlly by block number)

1
!
' !

i
Ifzo. ABSTRACT (Continue on revorse slde if neceveary and identify by block numbsr)
|: A digital system developed to support +he Electroragnetic Performance
' of Air and Ship Systems (EMPASS) Project at NSWC/DL is reported. The

l airborne system consists of RF receivers and antennas with special relays

R T T AT

»

AT

and interface units which allow a UNIVAC 1830A computer to interrogate and
control them. Aircraft position, RF signal, and system status measurements
are recorded digitally on magnetic tape while operator displays are
provided for some immediate data analysis and system monitoring. The

"
54 AT a1 L e s

H DD , 5%, 1473  eoiTion oF 1oV 68 15 oRsOLETE

¥ S/N 0102-014- 6601 | UNCLASSIFIED
;. ] SECURITY CLASHF.CATION OF THIS PAGE (When Dera Bnterec)




UNCLASSIFIED

JELURITY CLASSIFICATION OF THIS PAGE(When Deta Entered)

software for this data acquisition system was designed and developed at
NSWC/DL and is currently being used on test and measurement missions of

the EMPASS aircraft.

i
i
!

S - i
E UNCLASSIFIED
3 : - SECUMITY CLASSIFICATION OF THIS # AGE(When Data Entered)

JErY

;b

e g o meem e =~




